INTRODUCTION
Sickle cell anemia and Thalassemia are the major health problems in our country. 1 Thalassemia are prevalent amongst all population groups irrespective of caste, religion and creed. However, sickle cell disorder is mostly confined to socio-economic groups like scheduled tribes, scheduled caste, and nomadic tribes especially residing in rural area. 1, 2 Sickle cell gene is widely spread in the district of Eastern Maharashtra, North Maharashtra and some parts of Marathwada region. [2] [3] [4] Laboratory Diagnosis of Hemoglobin disorders is required for confirmation of provisional Diagnosis of significant sickling disorders and beta thalassemia major, explain hematological abnormalities and permit genetic counselling of prospective parents. Present study is aimed at speculating the spectrum of hemoglobinopathies and significance of role of HbA2 levels in diagnosis of hemoglobinopathies and thalassemias. The HbA2 levels are important in diagnosis of β-thalassemia trait, sickle-β thalassemia compound heterozygosity, Hb E variants. Also we studied to borderline cases of HbA2 levels and other causes for reduced HbA2 levels which require further family studies and other supporting investigations.
METHODS
A total of 500 clinically and haematologically suspected cases of haemolytic anaemia during the period of July 2013 to October 2015 were selected and various investigations were performed. Two ml of Intravenous Blood sample was collected from all cases after obtaining informed consent using Ethylene Diamine Tetra acetic Acid (EDTA) as anticoagulant. All the patients of anemia (OPD and Indoor) showing sickling test positive, patients with thalassaemic blood indices on coulter (MCV<80, MCH<27), patients with hepatosplenomegaly and patients referred from Peripheral Health Centers, Rural Health Centers were used as inclusion criteria. Patient received blood transfusions in last three months were excluded from study. Clinical findings were correlated with all other investigations. Out of all the 500 cases 313 cases (90.39%) were confirmed to have nonhaemolytic anaemia whereas 187 (9.60%) cases had shown abnormal haemoglobin pattern on HPLC indicating haemolytic anaemia. These 187 cases consisted of 87 males (59.18%) and 100 females (40.81%). Thus having female preponderance (Table 4) . Buddha (58.22%) was the most common ethnic background among all the groups followed by Muslims (16.57%) then Banjara (10.16%).The other caste observed were Maratha (9.62%), Bhill (3.20%), Mang (1.06%) and Mali (1.06%) ( Table 5 ). The reason for increased incidence among specific ethnic groups may be due to illiteracy and consanguineous marriage among communities. 
Clinical presentation
Pallor was most common symptom in all groups but maximum percentage were found in the sickle-β-thalassemia heterozygous state 25 (92.59%) followed byβ-thalassemia major 18 (88.88%), β-thalassemia trait 27 (81.81%), then sickle cell disease 11(78.57%) and sickle cell trait 25 (26.59%) and one case of HbE trait also presented with pallor.
Jaundice was second most common symptom overall β-thalassemia major 13 (72.22%) followed by β-thalassemia trait 18 (54.54%) sickle-β-thalassemia heterozygous state 12 (44.44%), sickle cell disease 3 (21.42%) and sickle cell trait 13 (13.82%). Joint pain was common symptom in sickle-β-thalassemia heterozygous state 16 (59.25%) and sickle cell disease 8 (57.14%) and it was less common in β-thalassemia major 5 (27.77%) and β-thalassemia trait 3(9.09%). Splenomegaly was prominent in β-thalassemia major 15 (83.33%) and sickle-β-thalassemia heterozygous state15 (55.55%).
Splenomegaly was comparatively lower in β-thalassemia trait 5 (15.15%) and sickle cell trait 4(4.25%) ( Table 6 ). Mean values of hematological parameters is shown in Table 7 . Mean values of hemoglobin fractions in all groups are shown in Table 8 . Patients with normal hemoglobin pattern were further classified into three groups based upon HbA2 levels as normal (2.5-3.5%), borderline (3.5-3.9%) and reduced HbA2 levels (less than 2.5%). Some patients from borderline group and reduced HbA2 levels with abnormal blood indices were further investigated to rule out other important clinical conditions (Table 9 ). Most of the patients (232) were having normal range of HbA2 levels of 2.5 to 3.5%. Eight patients were having borderline HbA2 levels between 3.5 to 3.9%.These cases needed further evaluation to rule out other causes of raised HbA2 such as β-thalassemia with iron deficiency, Megaloblastic anemia, hyperthyroidism, α gene triplications and antiretroviral therapy. Lowest HbA2 levels in this group was 3.6% and highest of 3.7%. Many cases (73) were showing reduced HbA2 levels less than 2.5% with altered blood indices. Lowest HbA2 levels in this group was 1.4% and highest was 2.4%.These cases also needed further investigations to rule out decreased cause of HbA2 levels such as severe iron deficiency or δ/α gene defects or α-thalassemia trait defects. Remaining 61 cases with reduced HbA2 levels but with normal blood indices. So these patients were labeled as normal and not investigated further.
Out of 7 cases with borderline levels of HbA2 levels 4 cases were provisionally diagnosed as Megaloblastic anemia, 2 cases as β-thalassemia trait with iron deficiency anemia and one case as hyperthyroidism based upon further investigation done on these patients.
DISCUSSION
In present study, Sickle cell trait was most common (18.8%) Hemoglobinopathy detected. Next common Hemoglobinopathy was Beta-Thalassaemia trait (6.6%), followed by Sickle-Beta thalassaemia (5.4%), BetaThalassaemia Major (3.6%), Sickle cell anaemia (2.8%), Hb-E trait (1 case) rare Hemoglobinopathy detected. From many previously described studies, BetaThalassemia trait is most common hemoglobinopathy in India. [10] [11] [12] In present study, Sickle cell trait being most common Hemoglobinopathy detected as present study was hospital based, not community based and during period of study, large numbers of solubility positive samples from peripheral health centers were received. In the present study Occurrence of Hemoglobinopathies was highest in Buddhas (58.22%), followed by Muslim (16.57%) and Banjaras (10.16%). Other studies also reported maximum report of cases of sickle cell disorder in mahar caste (11.08%) by Bhaskar et al and Ambekar S.S. et al reported maximum cases of beta thalassaemia amongst Navbuddhas. 8, 9 In the present study splenomegaly was found most common in the patients of β-thalassemia major (83.33%) followed by sickle-Beta thalassemia (15 cases), sickle cell Anemia (2) and sickle cell trait (4) .
In this study we considered HbS value of less than 40% for diagnosis of sickle cell trait and HbS value of more than 50%, HbA2 less than 4% and mildly raised HbF levels for diagnosis of Sickle cell disease. Sickle cell disease and sickle cell trait show high level of HbA2 levels maybe because of HbS adducts (carbamylated and glycated) which has high affinity for coeluting with HbA2. Vasaikar M et al and Colah R et al stated that HbA2 was found to be significantly higher in HbS trait cases than the range for HbA2 in the normal. 10, 13 In this study we considered microcytic hypochromic blood picture with HbA2 levels between 4-9% for diagnosis of β-Thalassemia trait. Biruah MK et al also stated that HbA2 levels of 4-9% are diagnostic of BTT in an asymptomatic individual with no or mild anemia. HbA2 ranged from 4.0% to 8.5% with a mean of 5.3%. 14 The HbE elute into the HbA2 window but differentiated upon the retention time and Hb fraction %.In present study we found one case of HbE trait with HbE value of 27.8%. Mondal SK et al in their study found HbA2, HbE and Hb Lepore to elute in A2 window (retention time ±3.3-3.9 min). 14, 15 Other than the importance role of HbA2 in the patients with β-thalassemia trait, sickle β thalassemia and HbE variants, there are also other causes which influence on HbA2 levels and may cause underdiagnosis or misdiagnosis. We got 7 cases which showed borderline raised HbA2 levels (3.5-3.9%) which were investigated further. Also we got 73 cases which showed reduced HbA2 levels less than 2.5%, out of which 12 cases which were having altered blood indices and severely reduced HbA2 levels less than 2% were investigated further.
In present study five most commonly affecting factors on HbA2 levels are discussed as follows In present study we found 4 cases (Table 10) , with borderline raised HbA2 levels and raised MCV >110 fl, on peripheral smear and bone marrow findings confirmed megaloblastic anemia. Rao S et al in their study stated that 19 patients with megaloblastic anaemia showed HbA2 levels (3.32±0.56%) which was significantly higher (P<0.001) than the HbA2 levels (2.89 ± 0.37%) of normal cases with MCV<110fl. 10 In present study one studied one case (Table  10) , which showed HbA2 level of 3.9% and raised MCV. On further investigation peripheral smear and bone marrow examination were normal. But clinically the patient was having symptoms of hyperthyroidism such as palpitation, thyroid swelling. So the patient was suspected for hyperthyroidism and was referred for thyroid function tests. Patient was lost to follow-up. Kendall AG et al stated that Hb A2 was significantly elevated (mean± SD, 3.3±0.5%: normal, 2.5±0.3%: p less than 0.001) in 28 hyperthyroid patients prior to antithyroid therapy. 16 Kuhn GM et al studied 128 women for effect of hyperthyroidism on HbA2 levels. The mean (±SEM) HbA2 level in was higher (P less than 0.001) in hyperthyroid patients without treatment (3.21±0.06%) than in hyperthyroid patients with treatment (2.42±0.09%) and Healthy individuals (2.48±0.04%). 17 In present study we studied 2 cases (Table 10) , in which we got borderline HbA2 levels 3.7% and microcytic, hypochromic picture on peripheral and bone marrow examination. As stated earlier one of the reason for borderline HbA2 levels maybe coexistence of β-thalassemia trait with iron deficiency anemia, So the patients were suspected and parental studies were done. And one of the parent was found to be beta thalassemia carrier. So patients were provisionally diagnosed as beta thalassemia trait with iron deficiency and molecular testing and iron therapy was advised. Patient was lost to follow-up.
A Mosca et al stated that decreased HbA2 levels can be detected in iron depletion, possibly due to the preferential binding of β to αchains, rather than δ chains, or to an inhibition of low iron levels on δ globin synthesis. However, in other cases (patients from the Indian subcontinent) who are iron depleted or frankly iron deficient, HbA2 has sometimes been observed to be reduced to the normal range (Barbara J Bain, personal communication). 18 Atul shrivastav et al stated that Iron deficiency may lead a low Hb A2 and hence may mask α-thalassemia trait. 11, 19 Out of 73 cases with decreased HbA2 levels only 12 cases showed markedly reduced HbA2 levels (1.4-2%) and altered blood indices. Of which 10 cases were suspected for iron deficiency anemia and two cases were suspected for δ/α gene defects or α-thalassemia trait defects. Of these two representative cases are discussed here.
Two cases (Table 11) , were having HbA2 levels around 1.8 to 2.0 % with reduced blood indices and normal iron studies. Peripheral smear and clinical history was not significant. So considering hematological findings and family history these patients were suspected for α-thalassemia trait or δ/α gene defects.
Other 10 cases (Table 11) , showed moderate to severe anemia and reduced blood indices and decreased HbA2 levels between 1.4-2.0%. 
Iron deficiency anemia
Further investigations showed microcytic hypochromic picture on PS and BM. Iron studies also showed decreased serum iron, serum ferritin and increased total iron binding capacity. So these patients were diagnosed as iron deficiency anemia. A Mosca et al stated that reduced HbA2 levels can be detected in the presence of α-thalassaemia, probably again due to preferential binding of the scarce a chains with the β rather than with the δ counterparts. This is especially clearly seen in HbH disease, where HbA2 can drop to less than 1%. 18 G B Tan et al studied 25 cases of α-thalassemia trait which showed HbA2 levels 1.4-2.6% and mean of 2.0%.
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CONCLUSION
HPLC is Rapid, automated, accurate, and reliable method for quantification of hemoglobin variants in screening of large population. Role of HbA2 levels is most important in diagnosis of beta thalassemia trait, sickle beta thalassemia and Hb variants eluting into the HbA2 retention window. Cases with borderline HbA2 levels should be further investigated such as careful clinical examination, iron studies, parental studies and genetic studies as these patients may get underdiagnosed or
